1. Introduction {#sec1}
===============

Cassava roots yield more carbohydrates per hectare than cereal crops and can be grown at a considerably lower cost \[[@B1]\]. Cassava roots are a staple food that provides carbohydrates for more than 2 billion people in the tropics. However, cassava roots spoil quickly after harvest. In order to avoid this loss, they must be sold or processed into by-products after harvest. Generally, cassava and its products are poor in proteins. The deficiency in certain essential amino acids depends mostly on the varieties and geographical conditions. In order to enhance the nutritional quality of cassava, it is processed into fermented products such as gari. Gari is one of the most popular cassava products consumed in Africa, Southeast Asia, and Brazil \[[@B2]\]. In Africa, fermented foods and beverages are produced using fermentation. These products have been consumed for a long time because of their numerous nutritional values. In effect, lactic acid bacteria (LAB) isolated from these products have been proven to be good sources of antimicrobials and therapeutics, and are accepted as probiotics \[[@B3]\]. Fermented foods represent one-third of total food consumed by human beings \[[@B4]\]. Fermentation enhances the nutrient content of foods through the biosynthesis of vitamins, essential fatty acids, essential amino acids, and proteins and by improving protein quality and fibre digestibility \[[@B5]--[@B7]\]. It also enhances micronutrient bioavailability and aids in degrading antinutritional factors \[[@B8]\]. About 83% of the total cyanogenic glucosides (linamarin and lotaustralin) are detoxified during processing of cassava tuber into gari \[[@B9]\] and 98% of the cyanide is lost when gari is cooked into*eba* \[[@B10]\]. No detectable cyanide has been found in gari roasted with palm oil \[[@B11]\]. However acceptability of gari depends on the final texture and sensory attributes after processing \[[@B1]\]. Fermentation of cassava mash usually takes one to two days \[[@B12]\].

It has been reported that traditional gari contains a certain amount of residual cyanide. This is due to the tendency to shorten fermentation time in order to meet growing market demand \[[@B13]\]. That is why samples of gari with cyanide concentrations above 10 mg of HCN/kg are from areas where the cassava mash is fermented for less than 12 hours \[[@B14]\]. Halliday et al. \[[@B15]\] reported that the high initial moisture content and inappropriate storage container are the major factors that could encourage bacteria and fungi contamination and proliferation in gari during storage.

Gari is imported from neighbouring Nigeria or from the southern part of Cameroon to the far north region of Cameroon. In the continuous quest for solution to the problem of malnutrition in the far north region of Cameroon, improving nutritional quality and safety of local foods through better processing methods is recommended.

This work is aimed at producing gari from cassava roots of two local and three improved varieties harvested at two different growing periods.

2. Material and Methods {#sec2}
=======================

2.1. Trial Site and Experimental Design {#sec2.1}
---------------------------------------

The study was conducted in the far north region of Cameroon. The region is characterized by a transient equatorial climate with a long dry season (October to April) and short rainy season (May to September). The annual precipitation is 1000 mm and the mean annual temperature is 30°C. The soil is sandy and clayey.

The experimental field was a randomized complete block design with four repetitions. Each repetition measured 25 m^2^ with 25 cassava plants spaced at 1 m apart. Five varieties of (local and improved) cassava (*Manihot esculenta* Crantz) were considered in this study. The improved varieties were TMS92/0326 and TMS96/1414 from IITA (International Institute of Tropical Agriculture) and IRAD4115 from IRAD (Institut de Recherche Agricole pour le Developpement) in Adamawa region. The two local varieties,*EN*(red, sweet variety) and*AD*(red, bitter variety), were highly appreciated by the population in the far north and adamawa regions, respectively. After planting, all cassava varieties were grown for 12 or 15 months. Their storage roots were harvested in May (dry season) and August (rainy season), respectively.

2.2. Cassava Processing into Gari {#sec2.2}
---------------------------------

The preparation of the gari was done following the method described by Agbor-Egbe and Mbome \[[@B12]\] and Amamgbo et al. \[[@B16]\]. Storage roots of the local and improved cassava varieties were harvested, cleaned, peeled, washed, and grated manually with a grater (Ø = 2 mm). The resulting mash was packed in a muslin tissue which was tied with sewing cotton. Then, mash was dewatered by placing the muslin tissue between a set of thick and long wooden poles arranged beneath and on top such that the ends were strongly fastened together with ropes. The mash was allowed to ferment for two days (48 h) under ambient conditions. The fermented mash was sieved to remove fibrous materials and then garified in a shallow pot with the addition of a small quantity of palm oil (10 ml/200 g) in order to obtain yellow gari. The different garis were obtained after 20 minutes of dry roasting at 80°C--90°C. The garis were then weighed and packed in polyethylene bags and labelled according to the cassava variety used. The gari yield was calculated as described by Sobowale et al. \[[@B17]\].

2.3. Determination of the Proximate Composition of Cassava Gari {#sec2.3}
---------------------------------------------------------------

The dry matter of the different cassava (*Manihot esculenta*Crantz) root and gari was determined using the standard AOAC \[[@B18]\] method. Slurries (10% dry matter) of all samples were made and their pH values were measured using a pH meter (HI 8424 Microcomputer Hanna instruments). The ash content of the samples was determined using standard AOAC \[[@B18]\] method. The titratable acidity of the gari was determined by titration with NaOH 0.01 N \[[@B18]\]. Values were expressed in equivalent gram acetic acid per 100 g of sample.

The total protein content of the root and in the different gari was determined using acetyl acetone/formaldehyde method proposed by Devani et al. \[[@B19]\]. Samples were first mineralized \[[@B20]\] and the nitrogen content of the mineralization was evaluated after a reaction with ammonia (NH~3~) and acetyl acetone/formaldehyde. A conversion factor of 6.25 was used to determine the protein content of the samples. The Ninhydrin colorimetric method described by Michel \[[@B21]\] was used to evaluate the free amino acid content of the samples.

Free sugars and carbohydrates content of the roots and in the different gari were determined by Orcinol colorimetric method \[[@B22]\]. Free sugars were obtained after stirring dried sample in an 80% ethanol solution. As concerns the total carbohydrates, samples were first hydrolysed with 13 M H~2~SO~4~ (30 min, 25°C) and then heated at 100°C for two hours. Crude fibres and lipids content of the samples were determined according to the standard AOAC \[[@B18]\] method.

The starch content of the samples (cassava root and gari) was determined by the iodine spectrophotometric method as performed by Jarvis and Walker \[[@B23]\]. Results were expressed in gram per 100 g of sample. The total phenolic compounds were determined using the Folin-Ciocalteu reagent as described by Singleton et al. \[[@B24]\] and the results were expressed as equivalent mg of gallic acid per gram sample.

Cyanides were evaluated in the cassava roots and in the different gari sample using picrate colorimetric method proposed by de B. Baltha and Cereda \[[@B25]\] with some modifications. Cyanides were first extracted using a sodium phosphate buffer (0.1 M; pH 6). A standard curve was performed with KCN and results were expressed in terms of equivalent mg of HCN per gram of dry sample. All analyses were performed in triplicate. A commercial cassava gari coming from the South region of Cameroon was used as reference.

2.4. Evaluation of the Functional Properties of Cassava Gari {#sec2.4}
------------------------------------------------------------

The bulk density of gari was determined using a measuring cylinder as performed by Adeleke and Odedeji \[[@B26]\].

The swelling kinetic was assessed as described by Koubala et al. \[[@B27]\] with slight modifications. About 500 mg of dried gari was introduced in a measuring cylinder (100 ml) where it was mixed with 50 ml of distilled water. The gari was allowed to hydrate for 60 minutes at room temperature and its volume recorded from that time till equilibrium.

The water absorption capacity (WAC) was assessed according to the method described by Koubala et al. \[[@B27]\]. For WAC, 200 mg of the sample was introduced in a conical flask containing 10 ml of distilled water. The sample was soaked, stirred, and left 60 minutes at room temperature (25--30°C). The slurry was put on a sintered glass filter to allow the water to leak. When water was no longer leaking for one hour, the sample was weighed, dried at 105°C (overnight), and weighed again. The WAC was expressed in terms of ml of water absorbed per gram of gari.

The swelling power (SP) was determined based on the method of Hung et al. \[[@B28]\] with slight modifications. Measuring cylinder (10 ml) was filled with gari to the 2 ml mark and weighed. It was later made up to 10 ml with distilled water. The top of the cylinder was tightly covered and the content was mixed by inverting the cylinder. After each two minutes the cylinder was inverted again and left to stand for eight minutes. The final volume occupied by the gari was recorded.

In a tube, suspensions were made with gari sample in 5 ml of distilled water as carried out by Koubala et al. \[[@B27]\]. The tubes were heated at 90°C for one hour and allowed to cool overnight. Then, the gelation capacity was determined for each sample as the least gelation concentration. That is the concentration when the sample from the inverted test tube will not slip. The concentration of gari varied from 4% to 16%. All analyses were performed in triplicate. A commercial cassava gari coming from the South region of Cameroon was used as reference.

2.5. In-House Consumer Assessment {#sec2.5}
---------------------------------

This assessment was conducted to determine consumer preferences and acceptability of the gari samples. Five-point hedonic scale as described by Nnanna et al. \[[@B29]\] was used with some modifications. A five-point hedonic scale is used (where 1 = dislike extremely, 1.5 = dislike very much, 2 = dislike moderately, 2.5 = dislike slightly, 3 = neither like nor dislike, 3.5 = like slightly, 4 = like moderately, 4.5 = like very much, and 5 = like extremely). The quality parameters assessed included the appearance or color, the taste (acidity and sweetness), the odor (aroma), the texture or mouthfeel and the overall acceptability. In-house consumer assessment was carried out within fifteen minutes of preparation. For this purpose, twenty trained panelists (students) coming from different regions of Cameroon, both males and females aged between 22 and 35, were involved. These panelists were usual consumers of gari and were chosen based on their ability to distinguish flavour, acidity, and sweetness in the gari sample. The gari samples were coded before being presented to the panelists who recorded their responses on the form provided in their slip. A commercial cassava gari coming from the South region of Cameroon was used as reference.

2.6. Statistical Analysis {#sec2.6}
-------------------------

The analysis was performed with Graph Pad (version 5.0; 2007). Results were presented as means ± standard deviation. The mean values were compared using independent sample Tukey\'s test, and the differences between them were determined by analysis of variance. As concerns in-house consumer assessment, Chi-square test was used to identify the determining factors and the overall acceptability of the panelists for the various gari samples. Tukey\'s multiple comparison test was used to determine the gari sample that was different from the others \[[@B30]\].

3. Results {#sec3}
==========

In the present work, it is found that characteristics of the different processed gari varied significantly (*p* \< 0.05) according to the harvest period and from one variety to another. Differences were also observed between gari from local and improved cassava variety.

3.1. Yield and Proximate Composition of Cassava Gari {#sec3.1}
----------------------------------------------------

Results in [Figure 1](#fig1){ref-type="fig"} show that gari produced from cassava root harvested 12 month after planting (12MAP) in the dry season showed the highest yield. Whatever the harvest period (12MAP or 15MAP), gari obtained from*TMS96/1414* cassava variety significantly (*p* \< 0.05) exhibited the highest yield (63.72 g/100 g of wet mash). It is also noticed that the lowest gari yield was obtained with*AD*cassava ([Figure 1](#fig1){ref-type="fig"}). Generally the best gari yield was obtained with the improved cassava varieties.

[Table 1](#tab1){ref-type="table"} shows that the dry matter content of the different cassava gari was significantly (*p* \< 0.05) similar (96-97%); but that of the commercial gari was significantly (*p* \< 0.05) low (83.48%). The pH of the samples of gari fluctuated from 4.31 to 4.72. It is noticed that the pH of gari is significantly affected by the harvest period or age of the cassava root used for garification. Gari from cassava roots harvested at 12MAP exhibited the lowest pH values. This suggested the presence of an important quantity of organic acid in the gari. However, the commercial gari used as reference in our study recorded the highest pH value. The ash content of the cassava gari varied from 19.59 to 24.49 mg/g (dry weight). Gari from cassava roots harvested at 12MAP exhibited the lowest value of ash content ([Table 1](#tab1){ref-type="table"}). The ash content of the commercial cassava gari was significantly (*p* \< 0.05) similar to that of gari from cassava roots harvested at 12MAP in the dry season.

The acidity (equivalent mg acetic acid/g) of the different cassava gari was significantly (*p* \< 0.05) affected by the harvest period. This effect was well observed with the improved cassava varieties. Whatever the harvest period, gari from local cassava varieties exhibited the lowest value of acidity ([Figure 2](#fig2){ref-type="fig"}). The titratable acidity values of the gari samples were similar to those recommended by the Codex Alimentarius Commission \[[@B31]\].

[Table 1](#tab1){ref-type="table"} shows that the protein content of gari from cassava harvested at 12 months after planting (12MAP) exhibits high value (4.12--5.58% dry weight) compared to gari from cassava harvested at 15MAP. However, the commercial gari used as reference exhibited the lowest value for protein content. According to the harvest period, gari from local cassava varieties (*EN*and*AD*) were richer in protein than those from improved cassava varieties. But these differences were not observed with the free amino acid content of the gari ([Table 1](#tab1){ref-type="table"}), whereas the amino acid content of the commercial gari was lower than that of the others gari whatever the harvest period and the variety. However, the same differences are not observed in the roots where those harvested at 12MAP showed the highest value of proteins ([Table 1](#tab1){ref-type="table"}).

The lipids content of gari obtained from cassava harvested at 12MAP varied between 4.17 and 8.66%. [Table 2](#tab2){ref-type="table"} shows that this range is higher than that of gari from cassava harvested at 15MAP. The commercial gari used as reference exhibited an intermediate value (5.43%). Gari from cassava harvested at 15MAP showed high value of fibres content (3.32--5.58%) than garis obtained from cassava harvested at 12MAP (3.05--4.74%). The phenolic compound content of the different gari samples obtained from cassava harvested at 12MAP varied significantly (*p* \< 0.05) from 4.78 to 9.31 equivalent mg of gallic acid/g (dry weight) while those obtained from cassava harvested at 15MAP showed a range of 7.36 to 9.36 mg/g. It is observed in [Table 2](#tab2){ref-type="table"} that, from 15MAP to 12MAP, the phenolic compound content of local cassava gari (*EN* and*AD*) increases. However, these values decrease with the improved cassava gari.

Gari from cassava harvested at 15MAP exhibited the highest value (3.47--9.71% dry weight) of soluble sugars ([Table 2](#tab2){ref-type="table"}). Among these cassava gari that was obtained from local*EN* cassava variety was richer in free sugars than those from improved cassava varieties. The commercial cassava gari showed the lowest value of free sugars. [Figure 3](#fig3){ref-type="fig"} shows that the starch content of the cassava gari is significantly (*p* \< 0.05) affected by the variety and the period of harvest. Starch content values ranged from 33 to 61% (dry weight). Whatever the variety, gari from cassava harvested at 12MAP exhibited the highest value of starch content. Gari from the*EN* local cassava variety was richer in starch than the other cassava garis. The total carbohydrates content (50 to 78%) of the cassava gari was also affected by the period of harvest and the variety. As for the starch content, it was also noticed that gari from cassava harvested at 12MAP shows the highest value ([Table 2](#tab2){ref-type="table"}). The carbohydrates content of the commercial gari was close to those of the gari from cassava harvested at 15MAP in the rainy season. [Table 2](#tab2){ref-type="table"} shows that gari from cassava harvested at 15MAP exhibits the highest value of crude fibres content (3.32--5.58%).

[Table 3](#tab3){ref-type="table"} shows that a fermentation process of two days reduced free cyanide content of the cassava root twofold to threefold. This reduction is well marked with gari from cassava harvested at 12MAP (0.08--0.74 mg HCN/g) compared to those from cassava harvested at 15MAP (0.51--0.90 mg HCN/g). However the commercial gari used as reference exhibited high value of free cyanide (2.03) as the cassava roots were dried before fermentation.

3.2. Functional Properties of Cassava Gari {#sec3.2}
------------------------------------------

The bulk density of gari from cassava harvested at 12MAP ranged from 0.52 to 0.62 g/ml ([Table 3](#tab3){ref-type="table"}). This value reduced for gari produced from cassava harvested at 15MAP. Commercial gari and gari from local cassava gari*EN* exhibit the highest values for bulk density.

In [Table 3](#tab3){ref-type="table"}, it is observed that the period of cassava harvest and the varietal differences affected the water absorption capacity (WAC) of gari. The WAC of the cassava gari varied from 4.49 to 8.02 ml/g. Whatever the variety, gari from cassava harvested at 12MAP showed the highest value of WAC. The WAC of commercial gari was closed to those of gari from cassava harvested at 15MAP. As for bulk density, gari from*EN* cassava harvested at 12MAP exhibits the highest value. In [Table 3](#tab3){ref-type="table"}, similar observations were made with the swelling power of the different cassava gari.

The least gelatinization concentration (LGC) is the concentration at which gari slurry does not break down when tubes are inverted after a treatment at 90°C for one hour. The LGC of the different gari slurries differed significantly among varieties and for the two periods of harvest cassava root ([Table 3](#tab3){ref-type="table"}). Gari from cassava harvested at 12MAP showed a LGC situated between 6.00 and 8.00% with the highest value recorded by the sample of TMS96/1414, IRAD4115, and*EN*cassava. These values were significantly (*p* \< 0.05) lower than that of the commercial gari (14.00%). [Table 4](#tab4){ref-type="table"} also shows that, from 12MAP to 15MAP, the least gelatinization concentration (LGC) increased.

As [Figure 4](#fig4){ref-type="fig"} shows, the swelling kinetics of gari from cassava at 12MAP occurred in three stages. The first 100 seconds corresponded to the phase of fast swelling. This was followed by a slow swelling between 200 and 600 seconds depending on the gari sample. After this phase, a stationary phase of swelling took place. Gari from*TMS92/0326* cassava variety swelled faster than the other garis until stabilization and recorded the highest value for swelling over time. Although gari from*IRAD4115*cassava swelled the least, it presented swelling kinetics higher than that of the commercial gari. There was a general reduction of swelling for all garis obtained from cassava harvested in the rainy season (at 15MAP). Gari from cassava harvested at 15MAP showed a similar trend; nevertheless gari from*TMS92/0326* and*EN*cassava varieties swelled faster between 10 and 250 seconds before decreasing until stabilization at 600 seconds ([Figure 4](#fig4){ref-type="fig"}).

3.3. Sensory Attributes of Cassava Gari {#sec3.3}
---------------------------------------

### 3.3.1. Attributes of the Soaked Cassava Gari {#sec3.3.1}

Garis from cassava harvested at 12 and 15 months after planting (12MAP and 15MAP) were soaked into a sucrose solution (10%) and their sensory attributes were evaluated by 20 sensory trained panelists. 12MAP and 15MAP gari were served to the panelists in one session. [Table 4](#tab4){ref-type="table"} shows that there was a significant (*p* \< 0.05) difference between those attributes related to the variety of cassava and the harvest period. In terms of color, the panelists significantly (*p* \< 0.05) preferred gari from cassava harvested at 12MAP. Gari from*EN*cassava had the best mark (4.50) followed by the commercial gari and gari from*AD*cassava (3.55). These two garis are from the root of local cassava varieties ([Table 4](#tab4){ref-type="table"}). The odor of gari from cassava harvested at 12MAP was also well appreciated by the panelist compared to gari from cassava harvested at 15MAP. A similar appreciation was made for the commercial gari which also exhibited a good score for odor (3.15). As concerns the mouthfeel, it was observed that gari from cassava harvested at 15MAP showed the best score when compared to those from cassava harvested at 12MAP ([Table 4](#tab4){ref-type="table"}). The commercial gari exhibited an intermediate score for mouthfeel. According to the panelists, garis from improved cassava varieties harvested at 12MAP were more acidic than those from cassava harvested at 15MAP. The effect of harvest period on mouthfeel was found not to be significant (*p* \> 0.05) for gari from local cassava varieties. Gari from EN cassava harvested at 15MAP and the commercial gari were sweeter than the other garis among which no difference of sweetness was found.

In terms of overall acceptability, the panelists preferred gari from cassava harvested at 12MAP to gari from cassava harvested at 15MAP. The commercial gari used as reference had an intermediate score of preference. Concerning all the garis processed from cassava harvested at 12MAP (in the dry season), gari from local*EN* cassava variety had the best mark (4.30) followed by those from the improved*TMS92/0326*and*TMS96/1414* cassava (3.75--3.80). The commercial gari showed an intermediate value of preference (3.55).

### 3.3.2. Correlation between Organoleptic Attributes and the Preference of Panelists {#sec3.3.2}

For the determination of the effect of preference on the sensory interest of different gari samples on the score of the overall acceptability of panelists, a Chi-square test was carried out. Results showed that the overall acceptability of panelists for gari samples was significant and positively correlated with the color (*r* = +0.449; *p* \< 0.01) and the odor (*r* = +0.380; *p* \< 0.01). With the acidity and the sweetness, this correlation was nonsignificant. Moreover, the mouthfeel was significant and negatively correlated with the overall preference (*r* = −0.278; *p* \< 0.01).

The general trend showed that gari samples processed at 12MAP were generally more acceptable for the consumers in terms of all sensory attributes while those obtained at 15MAP (rainy season) were the least preferred.

4. Discussion {#sec4}
=============

4.1. Influence of Harvest Period and the Cassava Variety on the Proximate Composition of the Cassava Gari {#sec4.1}
---------------------------------------------------------------------------------------------------------

The highest yield was observed with gari from cassava harvested during the dry season at 12 months after planting (12MAP). This may be attributed to factors such as plant age, varieties, and other environmental factors as mentioned by Oluwaniyi and Oladipo \[[@B32]\] and Wholey and Booth \[[@B33]\]. According to Adejumo and Raji \[[@B34]\], Sanni \[[@B35]\], and Karim et al. \[[@B36]\] most of carbohydrate in cassava harvested in the rainy season at 15MAP has been hydrolysed into free sugars. These differences in free sugars content are shown in [Table 2](#tab2){ref-type="table"}. These sugars are used for growth of new plant tissues. The greater yield recorded by improved variety was also reported by Oghenechavwuko et al. \[[@B37]\] and may be attributed to a genetic factor.

The moisture content in the gari samples was lower than that of the commercial gari (16.60%). Indeed, it is reported that the high moisture content implies that a gari sample will not have a good storage potential \[[@B38]\], while the values obtained from gari samples of this study were good compared to those reported by Okolie et al. \[[@B39]\] for good storage potential and quality as well as those recommended by Oduro et al. \[[@B40]\]. The gari should be properly dried to a possible very low moisture content.

The cassava variety and the period of harvest had an effect on the pH of gari. Similar results were obtained by Egebebi and Aboloma \[[@B41]\], Kyereh et al. \[[@B42]\], and Nwafor et al. \[[@B43]\]. The acidic pH values of the cassava gari might have been due to the fermentation activity of microorganisms which used carbohydrate to produce more organic acids. The pH values of 4.6 to 5.8 recorded during this work are similar to those reported by Nwafor et al. \[[@B43]\] and by Ijabo and Igbo \[[@B44]\] with gari from local and improved varieties. The low pH value obtained with gari from cassava harvested at 12MAP could be due to the availability of carbohydrate to be metabolised by microorganism during the fermentation process. In particular free sugars found in the different cassava can favour growth of microorganisms in the mash. The pH and titratable acidity results of gari from improved cassava variety were well correlated. However, for the local cassava varieties, no significant difference was observed between garis from cassavas 12MAP and 15MAP. The titratable acidity values of the gari were similar to those observed by Bainbridge et al. \[[@B45]\] and almost as the values (0.60--1.0%) ranged by the Codex Alimentarius Commission for gari \[[@B31]\]. Plant age is a factor affecting the ash content of cassava roots \[[@B32]\]. The ash contents obtained in the present study were lower than those reported by Otutu et al. \[[@B47]\]. But these values were close to those of the Codex Standard for gari (1.5%) \[[@B31]\].

The high protein content of gari from cassava harvested at 12MAP could be linked to the high level of proteins in their corresponding roots ([Table 1](#tab1){ref-type="table"}). This could also be due to the fact that, during the fermentation, microorganisms are more active in 12MAP cassava mash than in 15MAP cassava mash. In general, the local variety exhibited the highest values of protein content. However, cassava genetic is also a factor affecting the protein content. Oluwaniyi and Oladipo \[[@B32]\] obviously observed that the proteins content of TME 7 cassava variety root decreases from 7 to 12 months of age. When compared to commercial gari the difference could be due to the varietal differences. Additionally, in accord with Nwafor et al. \[[@B43]\], the ecological conditions can favour fermentation, mixed microorganisms involved to produce more amino acids which are used to synthesize proteins. According to Kobawila et al. \[[@B49]\], microorganisms can increase the crude protein content from 35 to 60% during fermentation depending on the quality of microorganisms involved in mash and the locality. The amino acids content of the different cassava gari is linked to the genetic differences. Moreover, the quality of microorganisms involved in mash fermentation could significantly influence the synthesis of amino acid or the breakdown of proteins. Probably the initial quantity of amino acids in storage roots may have an influence on the final quantity of amino acid in the gari ([Table 1](#tab1){ref-type="table"}). The high quantity of amino acids observed in gari from cassava harvested at 12MAP could be attributed to the high temperature in the dry season, whence the water stress that confirm the significant effect of harvest period. In particular, it was reported that amino acids of storage roots increase during water stress \[[@B50], [@B51]\] which could be the case in the present study.

Since all the garis were prepared using the same amount of palm oil, differences of lipids content observed could be due to the varietal difference and the period of harvest. In the dry season (12MAP), cassava root might exhibit high lipid content compared to the rainy season (15MAP). This suggests that, in the rainy season, as with carbohydrate, lipid could also be hydrolysed to provide energy needed for root growth. This could be also due to genetic factors which affect plants to synthesize pretty much lipid in different environmental conditions. The values obtained in this study are slightly higher than those found (5.71% dry weight) by Onasoga et al. \[[@B52]\]. On the other hand, the crude lipid increase could be due to the activities of microorganisms during mash fermentation assuming conversion of carbohydrate into lipid and lipids for cellular growth. This was also reported by Padmaja et al. \[[@B53]\], Oboh and Akindahunsi \[[@B54]\], Fagbemi and Ijah \[[@B55]\], Boonnop et al. \[[@B56]\], and Ibukun and Anyasi \[[@B57]\]. The age of the cassava root used may favour the fibre content of the gari. This is why gari from cassava harvested at 15MAP exhibited higher value of fibre content. Since commercial gari showed similar values as gari obtained from 15MAP cassava root, it can be suggested that gari processed with old cassava root exhibits higher fibre content. Otutu et al. \[[@B47]\] reported that the values of crude fibre content of cassava gari ranged from 0.38 to 7.08% which were higher than those obtained in the present study. These results might have been due to removal of some fibre during gari sieving. Nevertheless, the values obtained in the present study are close to the value of crude fibre (2%) recommended by the Codex Standard \[[@B48]\].

The dry season favours hydrolysis of carbohydrates into free sugars. This confirms the significant effect of harvest period of cassava roots. Free sugars content is high in gari from improved cassava varieties. This could be due to genetic characteristics that fluctuate with the season and age of the plant \[[@B32]\]. The low value of free sugars found in the gari from cassava harvested at 15MAP may be due to the rainy season where free sugars are used for the new regrowth of leaves. The low value of sugar of commercial gari could suggest that the cassava roots were probably harvested in the rainy season.

The starch content of gari from cassava harvested at 12 months after planting (12MAP) was higher than that of gari from cassava harvested at 15MAP. In general the dry season (12 months after planting) is the period of the optimal starch storage in cassava than the rainy season. The highest value of starch content showed by gari from*EN*cassava variety could be due to its initial starch content in the storage roots ([Figure 3](#fig3){ref-type="fig"}). In this study, with the exception of gari from*EN*cassava, the starch contents of the other garis are similar to those of gari produced at six localities in Ghana \[[@B42]\]. The reduction in starch content in gari produced at 15MAP could be attributed to factors such as harvest season and plant age. In fact, gari produced from cassava harvested in the rainy season (15MAP) showed a reduction in starch content because of its mobilization for new shoot formation in the new growth cycle. This is in agreement with what was reported by Filho \[[@B58]\], Madore \[[@B59]\], Sriroth et al. \[[@B60]\], Sagrilo et al. \[[@B61]\], and Nuwamanya et al. \[[@B51]\]. Furthermore, cassava roots starch may decrease progressively as plant aged after optimal starch storage ([Figure 3](#fig3){ref-type="fig"}).

As shown in [Table 2](#tab2){ref-type="table"}, the significantly high carbohydrates content showed by gari from*EN* cassava variety could be due to its initial carbohydrates content in the storage roots. The gari samples from*EN*cassava variety harvested at 12MAP showed significantly the highest value of carbohydrate than those from cassava harvested at 15 months as well as commercial gari. This might be due to varietal differences and harvest season as carbohydrate is highly concentrated during dry season compared to the rainy season. The reduction of carbohydrate for the gari samples obtained at 15 months was probably due to the rain which facilitates the hydrolysis of carbohydrate to sugar for shoots regrowth after prolonged water stress \[[@B61]\].

Certain cassava varieties produce more phenolic compounds when there is water stress than others justifying variation of phenolic compounds observed in this study. Gari from local*(EN)* and improved*(TMS96/1414)* cassava varieties presented significantly the same content in phenolic compounds when compared to commercial gari. This can be attributed to the processing method used. According to Etsuyankpa et al. \[[@B6]\] and Umezuruike et al. \[[@B62]\] roasting temperature and length of fermentation significantly decrease phenolic compounds.

The significant decrease in the level of residual cyanide observed in gari when compared to storage roots has been attributed to the degradation of cyanide (linamarin and lotaustralin) during cassava mash fermentation, dewatering, and roasting temperature. In fact, microorganisms involved in mash could have the ability to hydrolyse linamarin and lotaustralin. In addition, it was reported that heat significantly destroys cyanide in mash during roasting \[[@B11]\]. The slightly high levels of free cyanide from gari obtained at 15 months could be related to plant age and low activity of microorganisms involved in mash during the rainy season to significantly degrade cyanide into free cyanide (HCN). In fact, there is an optimum temperature for the optimum activity of any microorganisms to rapidly and completely break down the cyanogenic glucosides to cyanide acid. Gari from*TMS92/0326* improved cassava variety presented the least value of HCN. Regarding the initial storage roots cyanide content, the amount of cyanide acid in gari from local and improved cassava varieties was mostly dependent upon the processing method of garification. The highest level of free cyanide from commercial gari compared to gari produced may be due to the reduction in fermentation cassava mash to about 24 hours as well as quality of microorganisms present in mash.

4.2. Effect of Harvest Period and the Variety on the Functional Qualities of the Cassava Gari {#sec4.2}
---------------------------------------------------------------------------------------------

The significant variation in bulk density (BD) may be attributed to varietal effect and climatic conditions \[[@B44], [@B63]\]. Nevertheless, the values of BD (0.47--0.49 g/ml) reported by Chika et al. \[[@B64]\] are lower than those observed in this study. However, bulk density obtained was lower than those reported by Olakunle et al. \[[@B66]\] and Oluwafemi and Udeh \[[@B7]\]; this could be due to fermentation length, moisture content, particles size; and processing method used. The highest value of BD recorded by*EN*gari from local variety could be correlated especially with the carbohydrates and starch content. During the dry roasting of the cassava mash, starch gelatinization occurs. This led to the formation of gari with different particles size. This suggests that gari with high particles size were from mash with high starch content.

Also, the gari samples differ in water absorption capacity (WAC). However, there was higher WAC from the gari produced at 12MAP compared to commercial gari but there was a reduction for those obtained at 15MAP. Similar results were observed by Chika et al. \[[@B64]\] though the values (3.58--4.17 g/g) were very low. However, these values were significantly higher when compared to some garis from three improved varieties reported by Nwancho et al. \[[@B63]\]. This may be attributed to size of the particles, garification length, and drying quality of gari. In fact, the WAC of gari decreases with decrease in particles size. Furthermore, a well dried gari samples should be able to absorb more water adequately when soaked compared to poorly dried gari samples.

The variation in swelling power among the gari samples when compared to commercial gari could be due to varietal factors and processing conditions used \[[@B44]\]. Yet we noted a general reduction in the swelling power for gari produced at 15MAP. These results can be attributed to the harvest of the storage root during the rainy season that lowered the amylose content responsible for great swelling power. In fact, all samples swelled as much as twice beyond their initial volume, which characterizes high quality gari produced from our cassava varieties \[[@B66], [@B67]\]. The variation in swelling power of gari from local and improved varieties could be explained by the amylose content of these garis.

The fluctuation of least gelation concentration (LGC) among garis when compared to commercial gari could be due to harvest season, fermentation time, and varietal differences. The highest value of LGC of commercial gari may be attributed to the size of particle and low amylose content. Furthermore, the LGC increased from 12MAP to 15MAP probably because of the decrease in roots amylase activity. In fact, the greater the percentage of amylose fraction of starch-based foods, the quicker the formation of the gel \[[@B68]\].

The differences linked to composition, particles size, fermentation length, and moisture contents \[[@B11], [@B66]\] could explain the significant variation of the swelling kinetics among gari samples. The*TMS96/0326* followed by*TMS96/1414* and*EN*gari samples exhibited the highest swelling ability and*IRAD4115*gari sample the lowest for the gari produced at 12 months, while, at 15 months, the*IRAD4115* gari sample exhibited the highest swelling ability and*TMS96/1414* the least. The gari sample obtained at different time exhibited the best swelling ability when compared to commercial gari. These results may be related to varietal differences, the season, and the chemical compounds as well as processing method used.

4.3. Effect of the Harvest Period and the Variety on Sensory Attribute of the Cassava Gari {#sec4.3}
------------------------------------------------------------------------------------------

A significant difference was noted between gari samples produced at 12 months and 15 months and with commercial gari. The differences observed in the color and taste could be due to the fact that different processing methods were used during production of gari samples, especially the length of fermentation which might differ from one locality to the other. Moreover, each of the mixtures of microorganism involved in mash fermentation has its effect on sensory quality as stated by Olaoye et al. \[[@B69]\]. It had been observed that panelists appreciated gari samples quality based on color or appearance and odor. The result is in agreement with Agbor-Egbe and Mbome \[[@B12]\], who reported that gari preference was attributed to the better organoleptic characteristics such as appearance, odor, particle size, swelling properties, and eating quality. This is confirmed by a significant positive correlation noted between color, odor, and preference (*r* = +0.449; *p* \< 0.01 and *r* = +0.380; *p* \< 0.01, resp.). The gari sample from*EN* obtained at 12 months was significantly preferred in terms of general acceptability than those produced at 15 months. This could be due to rainy season which affects the color and odor. Similarly, Agbor-Egbe and Mbome \[[@B12]\] observed that the gari produced using the local cassava variety was more preferred than those from the improved variety. Additionally, the choice of*EN*gari was correlated to the local sweet and red cassava used for the garification. This is in agreement with Olaoye et al. \[[@B69]\].

5. Conclusion {#sec5}
=============

This study shows that the gari yield from*TMS96/1414*(improved variety) is 63.72% and 55.91% produced in dry season at 12 months and in rainy season at 15 months, respectively, followed by those from*EN* (local variety). The study reveals that age, season at which cassava storage roots are harvested, and variety affects some physicochemical, functional, and sensory properties of gari. The study also shows that processing cassava roots into gari significantly reduces the cyanide acid (HCN) at level considered safe. In addition, gari samples produced in the dry season are better in terms of physicochemical, functional, and sensory properties than gari produced in the rainy season. The general trends show that gari samples processed in the dry season (12MAP) were generally acceptable to the consumers in terms of all sensory attributes while those obtained in the rainy season (15MAP) and commercial gari were the least preferred. In the far north region of Cameroon, all cassava roots varieties can be processed into gari, but*EN* (red, sweet),*TMS92/0326,* and*TMS92/1414* can be processed into gari with the best physicochemical, functional, and sensory properties compared to commercial gari. Thus, quality gari can contribute to overcoming malnutrition and undernourishment in the far north region in particular and the whole of Cameroon in general.

Conflicts of Interest
=====================

The authors declare that there are no conflicts of interest concerning the publication of this paper.

![Effect of the harvest period (12 and 15 months after planting) on gari yield (g/100 g of wet mash). Garis are produced from local (*EN*and*AD*) and improved (*TMS92/0326, TMS96/1414,*and*IRAD4115*) cassava varieties harvested in dry season at 12 months and in rainy season at 15 months after planting (12MAP and 15MAP).](IJFS2018-6241035.001){#fig1}

![Influence of the harvest period (12 and 15 months after planting) on the titratable acidity (equivalent mg of acetic acid/g of dry weight) of cassava gari. Garis are produced from local (*EN*and*AD*) and improved (*TMS92/0326, TMS96/1414,*and*IRAD4115*) cassava varieties harvested in dry season at 12 months and in rainy season at 15 months after planting (12MAP and 15MAP). These garis were compared to the commercial cassava gari (CG).](IJFS2018-6241035.002){#fig2}

![Effect of the harvest period (12 and 15 months after planting) on the starch content (g/100 g of dry weight) of cassava gari. Garis are produced from local (*EN*and*AD*) and improved (*TMS92/0326, TMS96/1414,*and*IRAD4115*) cassava varieties root harvested in dry season at 12 months and in rainy season at 15 months after planting (12MAP and 15MAP). These garis were compared to the commercial cassava gari (CG). G = gari and R = fresh root.](IJFS2018-6241035.003){#fig3}

![Effect of the harvest period (12 and 15 months after planting) on the swelling kinetic of cassava gari. Garis are produced from local (*EN* and*AD*) and improved (*TMS92/0326, TMS96/1414,*and*IRAD4115*) cassava varieties harvested in dry season at 12 months and in rainy season at 15 months after planting (12MAP and 15MAP). These garis were compared to the commercial cassava gari (CG).](IJFS2018-6241035.004){#fig4}

###### 

Impact of the harvest period (12 and 15 months after planting) on the pH, the dry matter, the ash, the crude proteins, and the free amino acids content of cassava gari. Garis are produced from local (EN and AD) and improved (TMS92/0326, TMS96/1414, and IRAD4115) cassava varieties root harvested in dry season at 12 months and in rainy season at 15 months after planting (12MAP and 15MAP). These garis were compared to the commercial cassava gari (CG). Values are given on the dry weight basis.

  Harvest periods and varieties   Dry matter (%)     Ash                pH                 Proteins (%)       Amino acids (mg/g)                                                                            
  ------------------------------- ------------------ ------------------ ------------------ ------------------ -------------------- ----------------- ----------------- ------------------ ----------------- -----------------
  12MAP (May)                     *TMS92/0326*       96.60 ± 0.37^c^    25.21 ± 0.32^d^    20.61 ± 0.80^a^    8.55 ± 0.19^c^       4.31 ± 0.14^c^    4.12 ± 0.15^c^    6.79 ± 0.34^d^     15.51 ± 0.45^b^   11.25 ± 0.84^c^
  *TMS96/1414*                    97.30 ± 0.03^a^    28.39 ± 0.33^b^    19.59 ± 0.71^d^    8.64 ± 0.33^c^     4.58 ± 0.22^cdb^     5.03 ± 0.16^b^    9.75 ± 0.41^a^    14.82 ± 0.38^c^    12.16 ± 0.22^a^   
  *IRAD4115*                      97.28 ± 0.11^ab^   25.55 ± 0.46^d^    20.62 ± 1.19^d^    8.35 ± 0.18^c^     4.72 ± 0.25^d^       4.17 ± 0.09^c^    7.40 ± 0.21^c^    16.72 ± 0.29^a^    14.98 ± 0.48^b^   
  *EN*                            96.91 ± 0.09^bc^   30.25 ± 0.27^a^    19.80 ± 0.36^d^    8.50 ± 0.14^c^     4.84 ± 0.27^bd^      5.58 ± 0.20^a^    5.86 ± 0.19^ef^   11.97 ± 0.41^f^    10.21 ± 0.33^h^   
  *AD*                            96.80 ± 0.18^bc^   25.66 ± 0.39^d^    22.30 ± 1.47^bc^   7.79 ± 0.25^d^     4.50 ± 0.19^cdb^     5.40 ± 0.18^a^    5.90 ± 0.36^ef^   14.07 ± 0.24^d^    8.91 ± 0.28^g^    
                                                                                                                                                                                                            
  15MAP (August)                  *TMS92/0326*       96.60 ± 0.37^c^    22.23 ± 0.09^e^    24.16 ± 0.56^a^    10.14 ± 0.25^b^      5.28 ± 0.04^b^    2.72 ± 0.14^d^    5.48 ± 0.33^f^     12.07 ± 0.19^f^   7.82 ± 0.32^f^
  *TMS96/1414*                    96.52 ± 0.07^c^    25.72 ± 0.46^cd^   23.36 ± 0.72^ab^   10.57 ± 0.18^b^    5.29 ± 0.02^b^       2.08 ± 0.08^ef^   8.93 ± 0.25^b^    14.95 ± 0.31^bc^   7.83 ± 0.16^d^    
  *IRAD4115*                      96.60 ± 0.83^c^    22.26 ± 0.12^e^    24.02 ± 0.47^a^    11.25 ± 0.48^a^    5.28 ± 0.05^b^       2.28 ± 0.11^e^    6.33 ± 0.35^de^   12.59 ± 0.28^ef^   7.21 ± 0.17^i^    
  *EN*                            96.40 ± 0.06^c^    26.31 ± 0.28^c^    20.37 ± 0.58^d^    10.80 ± 0.51^ab^   5.30 ± 0.04^b^       5.58 ± 0.18^a^    6.05 ± 0.17^de^   13.96 ± 0.45^d^    9.44 ± 0.28^j^    
  *AD*                            96.31 ± 0.05^c^    22.38 ± 0.12^e^    24.49 ± 0.74^a^    10.70 ± 0.39^ab^   5.17 ± 0.05^c^       4.43 ± 0.12^c^    6.61 ± 0.31^d^    12.94 ± 0.33^e^    6.53 ± 0.37^k^    
                                                                                                                                                                                                            
  Commercial cassava gari (CG)    83.48 ± 0.28^d^    ND                 21.78 ± 0.35^c^    ND                 5.43 ± 0.03^a^       2.00 ± 0.08^f^    ND                6.04 ± 0.13^g^     ND                

Values are means ± standard deviation of triplicates (*n* = 3). Values in the same column with the different superscript are significantly different (*p* \< 0.05).

###### 

Effect of the harvest period (12 and 15 months after planting) on the phenolic compounds (PC), the total carbohydrates, the free sugars, the fibre, and the lipids content of cassava gari. Gari are produced from local (EN and AD) and improved (TMS92/0326, TMS96/1414, and IRAD4115) cassava varieties root harvested in dry season at 12 months and in rainy season at 15 months after planting (12MAP and 15MAP). These garis were compared to the commercial cassava gari (CG). Values are given on the dry weight basis.

  Harvest periods and varieties   Characteristics                                                                                                                                   
  ------------------------------- ----------------- ------------------ ------------------ ------------------ ----------------- ----------------- ----------------- ---------------- -----------------
  12MAP (May)                     *TMS92/0326*      8.63 ± 0.16^bc^    75.12 ± 0.57^b^    86.14 ± 2.01^b^    9.71 ± 0.10^a^    25.45 ± 0.55^b^   4.43 ± 0.10^e^    3.70 ± 0.10^c^   5.85 ± 0.14^c^
  *TMS96/1414*                    9.31 ± 0.21^a^    65.98 ± 0.84^e^    74.54 ± 3.26^d^    6.18 ± 0.06^b^     20.77 ± 0.62^c^   3.70 ± 0.08^g^    3.05 ± 0.18^de^   8.66 ± 0.26^a^   
  *IRAD4115*                      7.43 ± 0.31^de^   71.68 ± 0.99^c^    79.36 ± 2.48^c^    4.57 ± 0.07^e^     15.30 ± 0.47^e^   3.05 ± 0.06^i^    2.89 ± 0.11       6.66 ± 0.12^b^   
  *EN*                            8.01 ± 0.26^cd^   78.07 ± 0.87^a^    90.15 ± 3.25^a^    3.47 ± 0.06^f^     15.68 ± 0.41^e^   4.74 ± 0.05^c^    3.24 ± 0.14^d^    4.17 ± 0.33^f^   
  *AD*                            4.78 ± 0.19^g^    62.62 ± 1.29^f^    74.61 ± 2.18^d^    5.66 ± 0.09^c^     17.17 ± 0.37^d^   4.07 ± 0.07^f^    2.88 ± 0.10^e^    6.45 ± 0.25^b^   
                                                                                                                                                                                    
  15MAP (August)                  *TMS92/0326*      7.36 ± 0.11^e^     58.73 ± 1.29^g^    82.25 ± 2.16^bc^   5.04 ± 0.05^d^    30.80 ± 0.48^a^   5.58 ± 0.05^a^    5.01 ± 0.16^a^   3.93 ± 0.12^fg^
  *TMS96/1414*                    7.36 ± 0.16^e^    52.62 ± 0.26^i^    71.25 ± 2.04^e^    3.21 ± 0.11^g^     29.87 ± 0.49^a^   4.44 ± 0.13^e^    4.11 ± 0.13^b^    5.22 ± 0.29^e^   
  *IRAD4115*                      7.46 ± 0.07^e^    49.58 ± 0.95^j^    75.24 ± 2.43^d^    3.44 ± 0.09^f^     19.47 ± 0.27^c^   3.32 ± 0.11^h^    3.01 ± 0.11^e^    4.18 ± 0.26^f^   
  *EN*                            9.36 ± 0.10^a^    68.47 ± 0.92^d^    86.57 ± 2.37^b^    4.56 ± 0.05^e^     20.83 ± 0.72^c^   5.10 ± 0.07^b^    4.05 ± 0.14^b^    2.66 ± 0.32^h^   
  *AD*                            8.74 ± 0.28^b^    54.72 ± 1.37^hi^   72.34 ± 1.87^de^   5.16 ± 0.08^d^     19.71 ± 0.53^c^   4.58 ± 0.11^de^   4.04 ± 0.12^b^    3.61 ± 0.24^g^   
                                                                                                                                                                                    
  Commercial cassava gari (CG)    6.01 ± 0.16^f^    56.84 ± 0.71^gh^   ND                 2.45 ± 0.08^h^     ND                4.62 ± 0.09^cd^   ND                5.43 ± 0.03^d^   

Values are means ± standard deviation of triplicates (*n* = 3). Values in the same column with the different superscript are significantly different (*p* \< 0.05).

###### 

Effect of the harvest period (12 and 15 months after planting) on the bulk density, the water absorption capacity (WAC), the swelling power, the least gelation concentration and the free cyanide content of cassava gari. Gari are produced from local (EN and AD) and improved (TMS92/0326, TMS96/1414 and IRAD4115) cassava varieties harvested in dry season at 12 months and in rainy season at 15 months after planting (12MAP and 15MAP). These garis were compared to the commercial cassava gari (CG). Values are given on the dry weight basis.

  Harvest periods                Varieties         Free Cyanide (Equivalent mg HCN/g)   Bulk density (g/mL)   WAC (g/g)         Swelling power (mL/g)   Least gelation concentration (%)   
  ------------------------------ ----------------- ------------------------------------ --------------------- ----------------- ----------------------- ---------------------------------- ------
  12MAP (May)                    *TMS92/0326*      1.47 ± 0.04^e^                       0.08 ± 0.01^g^        0.56 ± 0.02^bc^   7.99 ± 0.06^a^          8.37 ± 0.07^b^                     8.00
  *TMS96/1414*                   1.56 ± 0.06^cd^   0.23 ± 0.04^f^                       0.55 ± 0.02^c^        6.58 ± 0.08^b^    7.54 ± 0.11^c^          8.00                               
  *IRAD4115*                     1.20 ± 0.05^f^    0.74 ± 0.03^c^                       0.52 ± 0.01^d^        5.29 ± 0.07^e^    7.24 ± 0.08^d^          6.00                               
  *EN*                           0.88 ± 0.03^g^    0.57 ± 0.05^a^                       0.62 ± 0.01^a^        8.02 ± 0.09^a^    8.86 ± 0.11^a^          6.00                               
  *AD*                           1.18 ± 0.05^f^    0.72 ± 0.08^cd^                      0.57 ± 0.01^b^        6.79 ± 0.20^b^    7.52 ± 0.05^c^          6.00                               
                                                                                                                                                                                           
  15MAP (August)                 *TMS92/0326*      2.52 ± 0.09^a^                       0.67 ± 0.02^d^        0.47 ± 0.02^e^    5.78 ± 0.04^d^          6.77 ± 0.09^f^                     9.00
  *TMS96/1414*                   1.54 ± 0.05^de^   0.67 ± 0.05^d^                       0.50 ± 0.01^e^        5.94 ± 0.09^c^    6.94 ± 0.13^e^          9.00                               
  *IRAD4115*                     1.67 ± 0.09^c^    0.51 ± 0.06^e^                       0.48 ± 0.03^e^        5.05 ± 0.11^f^    6.62 ± 0.12^f^          10.00                              
  *EN*                           1.49 ± 0.05^e^    0.59 ± 0.05^e^                       0.53 ± 0.02^cd^       4.49 ± 0.08^g^    5.53 ± 0.06^h^          9.00                               
  *AD*                           1.85 ± 0.06^b^    0.90 ± 0.08^b^                       0.51 ± 0.03^de^       4.50 ± 0.06^g^    5.44 ± 0.08^h^          9.00                               
                                                                                                                                                                                           
  Commercial cassava gari (CG)   ND                2.03 ± 0.04^a^                       0.61 ± 0.02^a^        5.37 ± 0.07^e^    6.35 ± 0.04^g^          14.00                              

Values are means ± standard deviation of triplicates (*n* = 3). Values in the same column with the different superscript are significantly different (*p* \< 0.05).

###### 

Hedonic sensory mean scores of cassava gari. Garis are produced from local (EN and AD) and improved (TMS92/0326, TMS96/1414, and IRAD4115) cassava varieties harvested in dry season at 12 months and in rainy season at 15 months after planting (12MAP and 15MAP). These garis were compared to the commercial cassava gari (CG).

  Harvest periods                Varieties         Color             Odor               Mouthfeel         Acidity            Sweetness          Overall acceptability
  ------------------------------ ----------------- ----------------- ------------------ ----------------- ------------------ ------------------ -----------------------
  12MAP (May)                    *TMS92/0326*      3.45 ± 0.69^bc^   3.40 ± 0.82^a^     2.55 ± 0.51^e^    2.80 ± 0.77^a^     2.55 ± 0.51^bcd^   3.75 ± 0.72^b^
  *TMS96/1414*                   2.85 ± 0.67^d^    3.20 ± 0.89^a^    2.95 ± 0.69^cde^   2.65 ± 0.75^ab^   2.65 ± 0.75^bc^    3.80 ± 0.69^b^     
  *IRAD4115*                     2.75 ± 0.85^d^    3.05 ± 0.89^ab^   3.30 ± 0.57^bc^    2.20 ± 0.41^bc^   2.50 ± 0.95^bcd^   2.75 ± 0.91^de^    
  *EN*                           4.50 ± 0.76^a^    3.50 ± 0.76^a^    2.75 ± 0.85^de^    1.60 ± 0.50^d^    2.60 ± 0.68^bcd^   4.30 ± 0.81^a^     
  *AD*                           3.55 ± 0.78^bc^   2.95 ± 0.94^ab^   1.90 ± 0.71^f^     1.65 ± 0.75^d^    2.30 ± 0.75^cd^    3.10 ± 0.79^cd^    
                                                                                                                                                
  15MAP (August)                 *TMS92/0326*      2.50 ± 0.69^de^   1.80 ± 0.83^d^     4.30 ± 0.86^a^    1.90 ± 0.85^cd^    2.30 ± 0.86^cd^    2.55 ± 0.69^e^
  *TMS96/1414*                   2.15 ± 0.81^e^    2.50 ± 0.60^bc^   3.25 ± 0.79^bc^    2.00 ± 1.03^cd^   2.25 ± 0.78^cd^    2.75 ± 0.79^de^    
  *IRAD4115*                     2.40 ± 0.75^de^   2.35 ± 0.49^c^    3.15 ± 0.75^bcd^   1.85 ± 0.75^cd^   3.00 ± 0.79^ab^    2.40 ± 0.50^e^     
  *EN*                           2.20 ± 0.41^e^    2.55 ± 0.83^bc^   3.60 ± 0.75^b^     1.95 ± 0.89^cd^   3.35 ± 0.99^a^     2.50 ± 0.76^e^     
  *AD*                           3.40 ± 0.68^c^    2.95 ± 0.94^ab^   1.85 ± 0.49^f^     1.65 ± 0.75^d^    2.05 ± 0.76^d^     3.00 ± 0.83^cd^    
                                                                                                                                                
  Commercial gari cassava (CG)   3.90 ± 0.55^b^    3.15 ± 0.93^a^    2.85 ± 0.81^cde^   2.50 ± 0.69^ab^   2.95 ± 0.60^ab^    3.55 ± 0.51^bc^    

Values are means ± standard deviation of scores awarded by panelists (*n* = 20). Values in the same column with the different superscript are significantly different (*p* \< 0.05).
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